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$SSUR[LPDWHPRGHO WR HVWLPDWH WKH FUDFNNLQHWLFV DQGGXUDELOLW\RI WKHKLJKVWUHQJWKEROWVEDVHGRQ WZRPDLQ
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
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x WRXVHLPSURYHG3DULV(UGRJDQFRQVWDQWVWRHVWLPDWHFUDFNNLQHWLFDQGGXUDELOLW\
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K\GURJHQHQYLURQPHQWLQIOXHQFHDQGF\FOLQJ7KLVPRGHOLVEDVHGRQWKHDVVXPSWLRQWKDWIUDFWXUHSURFHVVHVGXHWR
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6WUXFWXUHRIWKHGHYHORSHGPRGHOWRHVWLPDWHWKHFUDFNLQJGXHWRK\GURJHQHQYLURQPHQWLQIOXHQFHDQGVWDWLFORDGLQJ
FRXOGEHSUHVHQWHGE\PHDQVRIIRXUGLDJUDPVZKLFKDUHFRQQHFWHGWRHDFKRWKHUVHH)LJ>@
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RQHLQQRQK\GURJHQDWHGSDUWRIWKHVDPHERG\>@1XPHURXVH[SHULPHQWDOGDWDYDOLGDWHLW6Rconditional stress 
intensity factor&6,)DQGFRQGLWLRQDO IUDFWXUH toughness &)7 IK DQG IcK DUHLQWURGXFHGLQVWHDGRI IK DQG IcK 
LQWKHK\GURJHQDWHGUHJLRQQHDUWKHFUDFNWLS$FUDFNJURZWKUDWHLQK\GURJHQDWHGPDWHULDOGHSHQGVRQDspecific 
pairLHenvironment andmaterialXVHGLQYDULRXVH[SHULPHQWV7KHUHIRUHDXWKRUVKDYHLQWURGXFHGDQHZPDWHULDO
HQYLURQPHQW FKDUDFWHULVWLF ȍ WR UHODWH WKH FXUUHQW K\GURJHQ FRQFHQWUDWLRQ LQ WKH FUDFN WLS C   WR WKH PD[LPXP
VROXELOLW\RIWKHK\GURJHQLQPDWHULDO C materialLQRWKHUZRUGV  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
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ZKHUHA0DQGn0DUHWKH3DULV(UGRJDQFRQVWDQWVIRUinert environment, f LVDORDGIUHTXHQF\ f di ia a &\FOHLV
]HURWRWHQVLRQ
7KHWLPHRIWKHFUDFNUHJURZWKGXHWRIDWLJXHRQO\  f fi it a' LVGHILQHGDVIROORZV
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ZKHUH outD LVDQRXWHUGLDPHWHURIWKHEROWWKUHDG
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FUDFNNLQHWLFVRIWKHFRQVLGHUHGFUDFNHGEROWXQGHUK\GURJHQHQYLURQPHQWDQGF\FOLQJFRXOGEHHVWLPDWHGXVLQJWKH
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7DEOHVKRZVWKHQHZLPSURYHG3DULV(UGRJDQFRQVWDQWVIRUFXUUHQWK\GURJHQHQYLURQPHQWDQGFRQVLGHUHGEROW
FDOFXODWHGXVLQJ(TV


)LJ&UDFNSURSDJDWLRQLQWKHURRWRIWKHWKUHDG
7DEOH3DULV(UGRJDQFRQVWDQWVIRUYDULRXVHQYLURQPHQWV
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Hydrogen  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f dt  LVRYHUZKHQWKHFUDFNUHDFKHVWKHFULWLFDOOHQJWKL*7KLVOHQJWKLV
GHILQHGIURPWKH(T$FFRUGLQJWR7DEOHDQG(TWKHFULWLFDOFUDFNOHQJWKLVL* >P@IRUVWUHVVDPSOLWXGH
>03D@0RUHRYHUWKHFUDFNFULWLFDOOHQJWKZLOOGHFUHDVHZLWKLQFUHDVLQJRIWKHVWUHVVDPSOLWXGH7KHFXUYHVWR
GHVFULEHWKHGXUDELOLW\RIWKHEROWZLWKFUDFNLQWKHWKUHDGURRWIRUWKHYDULRXVVWUHVVDPSOLWXGHVDUHSUHVHQWHGLQWKH
)LJ0D[LPXPVWUHVVDPSOLWXGHLV>03D@VRWKHPLQLPXPFULWLFDOFUDFNOHQJWKLVGHILQHGDERYH6XJJHVWWKLV
OHQJWKDVDFULWLFDOIRUDOOQXPHULFDOFDOFXODWLRQVSUHVHQWHGLQWKH)LJ
7KHYDOXHV f dt  LQGLFDWHV WKHGXUDELOLW\RI WKHFRQVLGHUHGVWUXFWXUHFRPSRQHQWQDPHO\EROW IURPKLJKVWUHQJWK
VWHHO1XPHULFDOUHVXOWVVKRZDGHFUHDVLQJRIWKHGXUDELOLW\ZLWKVWUHVVDPSOLWXGHLQFUHDVLQJ7KHFRPSDULVRQRIWKH
UHVXOWVIURPWKH)LJVKRZVWKDWWKHGXUDELOLW\ 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